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Abstract 
ITO films were deposited on glass by dc magnetron sputtering. The ITO films have high transmission in the visible 
and near infrared region. After annealed in vacuum at 350qC, the ITO films are improved the structure and optical 
property, with higher grain size, and higher transmission in the visible region but lower transmission in the near 
infrared region. The transmission in the near infrared decrease with increasing the films thickness. The films system 
was composed of TiO2 coated on top of annealed 560 nm ITO film with varying thickness of TiO2 films at 20 30 60 
and 90 nm. The higher thickness of TiO2 films were affected to decrease the transmission in the visible region and 
slightly increase in near infrared region. After UV radiation of power 10 watts had been shown on the films system 
placed at 15 cm from UV source for 1 hour, we measured water drop contact angle for testing of hydrophilicity 
property. The contact angles were 37 43 4 and 3 degree for TiO2 film thicknesses of 20 30 60 and 90 nm, 
respectively. This means the TiO2 films of 20 and 30 nm were not covering the ITO films to satisfy hydrophilicity 
property, but the thickness of 60 and 90 nm were. 
© 2010 Published by Elsevier Ltd.Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Thin films technology is widely used in numerous industrial applications such as optical coating, 
hardness coating and optoelectronic devices. For industrial applications, there are rapidly increasing 
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demands on performance, product quality and cost efficiency during processes. Nowadays, thin films deal 
with the structure size in order of nanometers scale, known as thin films nanotechnology, can change the 
industry. In order to study nano-scale thin films, the precisely instruments are necessary for analyzing and 
measuring in atomic level of thin films. One of the most interesting thin films coating application is an 
optical thin film, for example, a special thin film coated on the glass window, which the film allow the 
visible light transmitted, however, the infrared is reflected. Consequently, this helps to save the electrical 
energy used in buildings. In general, a thin film is made from metal, which its property is good in heat 
reflecting. However, its physical and chemical properties are not stable when the metal film was used in 
harsh environment. For example, it may react with oxygen then forming a metal oxide film, which is to 
degrade the film’s properties. 
In this research, n-type semiconductor of indium tin oxide (ITO) film was studied. This film has good 
conducting and transmission properties especially in the wavelength of visible light. However, it can 
reflect the wavelength in the range of infrared [1,2]. For the application of this film which coated on the 
glass window of high building, to clean exterior glass that will be difficult and the time is wasted as well. 
The aim of this research has been interested the film system of Glass/ITO/titanium dioxide. The titanium 
dioxide (TiO2) was used and coated on the top of ITO film. This is because TiO2 films have high 
refractive index and show photo-catalytic property (self cleaning) [3,4]. TiO2 is one of the most accepted 
photocatalysts for environmental and renewable energy application, such as dye-sensitized 
photoelectrochemical cells [5], gas sensors [6], etc. The efficiency of the photocatalytic oxidation can be 
improved by using under layer of film electrode [7-10]. The main motivation in this work has been to 
know the parameters of TiO2 film which effect on Glass/ITO system, attempts to understand the observed 
behaviors.      
2. Experimental details
ITO films with varying film thickness from 80 to 560 nm were prepared on glass substrate without 
external heating by dc magnetron sputtering using an ITO target mixture of 90%wt In2O3 and 10%wt 
SnO2 (99.99% in purity, 3 inch in diameter, and 0.25 inch thick). The glass substrates were ultrasonically 
cleaned in acetone and deionized water before film deposition. The sputtering process was performed in 
mixed Ar-O2 (99.99% in purity) separately controlled by mass flow controller. The gases flow rate of Ar 
and O2 were fixed at 50 sccm and 0.5 sccm, respectively, during applying the sputtering power of 50 W. 
A turbo-molecular pump coupled with a rotary pump was used to achieve a base pressure of 8u10-6 mbar 
before introducing Ar-O2 gases mixture at a working pressure of 3u10-3 mbar. All the ITO films were 
annealed in vacuum (350qC for 1 hr) for improving the properties of film before coating TiO2 films. The 
optical property and surface morphology of ITO films before and after annealing were investigated by 
UV-Vis-NIR spectrophotometer and Atomic force microscope (AFM). The TiO2 films with the film 
thickness in the range of 20 to 90 nm were deposited on annealed 560 nm thick of ITO films by dc 
magnetron sputtering using a Ti target. Hydrophilic property of TiO2 coated on ITO films was 
characterized by measuring the water contact angle before and after VU irradiation.  
3. Results and discussion 
3.1 Properties of ITO films 
It was found that the transmission of ITO films in the region of infrared decrease when increasing the 
annealing temperature of ITO film in vacuum. In this work, ITO films were annealed at 350qC for 1 hour. 
These films were deposited by dc magnetron sputtering with the power of 50 watt. The distance between 
the target and the substrate is 8.6 cm. The ratio of argon and oxygen flow is set at 50:0.5 sccm. The film 
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thickness was varied of 80, 120, 160, 200, 300, 400, 500 and 560 nm. The effect of film thickness was 
observed both before (as-deposited) and after film annealing as well. 
       (a)         (b) 
Fig. 1. The optical transmission of ITO films for different thickness of specimens (a) as-deposited and (b) annealed in vacuum 
350qC for 1 hour 
Fig. 1 shows the transmission of ITO films for different thicknesses before and after annealing. In case 
of film annealing, the transmission of film at the wavelength of near infrared decrease when the film 
thickness increases. This is because annealing in vacuum improves the film structure better than as-
deposited film. Moreover, it was found that the averaged transmission in the region of visible light 
increase while the transmission of the wavelength of near infrared more decrease. At the film thickness of 
560 nm, the annealed films show the best reflection of infrared.  
Fig. 2. The average optical transmission of ITO films at various thicknesses for as-deposited and annealed in vacuum (2 Pa) at 
350qC for 1 h 
Fig. 2 shows the averaged transmission of ITO films in the region of visible light and near infrared as a 
function of films thickness. It was found that the averaged transmission in the visible light of ITO films 
which annealed at 350qC in vacuum for 1 hour showed the highest averaged transmission of 80% while 
the averaged of transmission in the region of near infrared decrease from 81.33% to 46.01% when the 
film thickness increase from 80 nm to 560 nm, respectively. As compared with as-deposited films, the 
averaged transmissions of annealed films yield higher transmission in each of the thickness. In this result, 
an ITO film with the thickness of 560 nm is suitable to use as heat reflection film and this film conditions 
we used for studying the heat mirror and self cleaning of the films system of Glass/ITO/TiO2.    
0 500 1000 1500 2000 2500
0
10
20
30
40
50
60
70
80
90
100
T
ra
ns
m
is
sio
n 
(%
T
)
Wavelength (nm)
80 nm
 120 nm
 160 nm
 200 nm
 300 nm
 400 nm
 500 nm
 560 nm
0 100 200 300 400 500 600
40
50
60
70
80
90
100
Films thickness (nm)
A
er
ag
e 
tr
an
sm
is
sio
n 
(%
T
av
e)
As-deposited Vis  NIR
Annealed       Vis  NIR
0 500 1000 1500 2000 2500
0
10
20
30
40
50
60
70
80
90
100
T
ra
ns
m
is
sio
n 
(%
T
)
Wavelength (nm)
80 nm
 120 nm
 160 nm
 200 nm
 300 nm
 400 nm
 500 nm
 560 nm
783S. Worasukhkhung et al. / Procedia Engineering 32 (2012) 780 – 786
(a)       (b) 
Ra = 1.569 nm;   Rrms = 1.983 nm                                  Ra = 1.164 nm;   Rrms = 1.517 nm 
Fig. 3. 3D AFM images of 560 nm ITO films for specimens (a) as-deposited and (b) annealing at 350 qC
Fig. 3 shows 3D atomic force microscopy (3D AFM) of ITO films with the film thickness of 560 nm. 
It was found that the as-deposited ITO showed the averaged roughness (Ra) of 1.569 nm and the root 
mean square of roughness (Rrms) is 1.983 nm. The structure of as-deposited film include of the group of 
small grains. However, when the film was annealed, both the averaged roughness and the root mean 
square of roughness decrease and equal to 1.164 nm and 1.517 nm, respectively. Moreover, the averaged 
grain size is bigger than the grain size of the as-deposited film and these grains randomly scattered in all 
area of the film. This is due to the heat from the annealed temperature improved the film structure by 
enhancing the grain size result in reducing the scattering of light at the edges of the grain consequently 
increasing the transmission of the film as shown in Fig. 2.    
3.2 Properties of Glass/ITO/TiO2 system 
In this system, the effect of the TiO2 film thickness on the surface roughness was studied using AFM. 
The details of sample deposited for this study are summarized in Table 1. 
Fig. 4 shows the transmission of samples which the conditions shown in table 1. The transmission is 
varied from 190 nm to 2100 nm. The results show that ITO film with as-deposited yield the highest 
transmission in the region of visible light and also near infrared regions. However, when this film was 
annealed in vacuum the transmission in the region of near infrared is more reduced while the transmission 
at the wavelength of visible light remain high. Furthermore, the transmission of the film in the region of 
visible light decrease when the thickness of TiO2 film increase but the transmission of the film at the near 
infrared is small changed. The film system remains to show the suitable properties for heat mirror.  
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Table 1. Deposit conditions of films for analysis 
   
Fig. 4. The optical transmission of Glass/ITO and Glass/ITO/TiO2
Fig. 5 shows the surface and 3D AFM of the TiO2 as deposited on ITO films after annealing in 
vacuum. To analyze the film roughness using AFM, the film thickness of TiO2 is varied from 20, 30, 60 
and 90 nm the averaged roughness is 2.587, 2.689, 2.284 and 2.664 nm, and the root mean square of 
roughness is 3.235, 3.338, 2.875 and 3.443, respectively. The roughness and grain size of the TiO2 films 
deposited on ITO film were increased when the film thickness increased.  The TiO2 film for the thickness 
of 60 nm was changed to 90 nm, the roughness increased that affected to increase surface area of the film. 
In order to study of the hydrophilic properties of the film system Glass/ITO/TiO2, All samples in table 1 
were tested by UV radiation of power 10 watt for 1 hour. The distance between the sample and the UV 
source is 15 cm. The water drop contact angle was used for testing of hydrophilicity property and the 
results are shown in Fig. 6. 
ITO films with and without annealing show the high contact angle about 76 and 53q, respectively. 
After TiO2 deposited on the ITO at the different thicknesses of 20 and 30 nm, the contact angle is reduced 
to 43 and 37q, respectively. This contact angle rather high as compared the angle of general hydrophilic 
case. This may be due to the limit of the film thickness which not enough to cover the surface of ITO 
film. However, when increasing the film thickness of TiO2 to 60 and 90 nm, the contact angle is 
decreased to 4 and 3q, respectively. That means the TiO2 film show the hydrophilic properties and this 
may be the film thickness is enough to cover the entire ITO surface. These conditions are suitable for 
deposited films and use as self cleaning.  
Specimens Power 
(Watt) 
Thickness 
 (nm) 
Gases flow rate Ar:O2
(sccm) 
ITO (as-deposited) 50 560 50:0.5 
ITO (annealed 350qC) 50 560 50:0.5 
ITO/TiO2 50/300 560/20 50:0.5/50:45 
ITO/TiO2 50/300 560/30 50:0.5/50:45 
ITO/TiO2 50/300 560/60 50:0.5/50:45 
ITO/TiO2 50/300 560/90 50:0.5/50:45 
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 (a) 
 (b) 
 (c) 
 (d) 
Fig. 5. Top view and 3D AFM images of Glass/ITO/TiO2 after annealed 560 nm ITO films in vacuum at 350 qC for 1 hour and 
various thicknesses of TiO2 films on top (a) 20 nm (b) 30 nm (c) 60 nm and (d) 90 nm.  
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Fig. 6. Contact angle of Glass/ITO and Glass/ITO/TiO2 after UV radiation for 1 hour
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4. Conclusion 
ITO films annealed at 350qC in vacuum yield higher transmission in the region of visible light but 
lower transmission in the region of near infrared. The grain size of the ITO film is bigger when the film 
thickness increase and also reduced the transmission of the near infrared region. The suitable thickness of 
ITO film is 560 nm and can use as the heat reflecting film. The TiO2 deposited on ITO film (560 nm) with 
the thickness of 60 or 90 nm show the good hydrophilic properties. This hydrophilic property is related to 
the area surface of TiO2 film covering on ITO film.   
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